BCV, whereas the lung section from calf 7 showed strong fluorescence. No fluorescence was seen with other viral conjugates (Parainfluenza-3, bovine respiratory syncytial virus, and infectious bovine rhinotracheitis virus). The reason for weak fluorescence in the lung sections of calf 6 was probably because this calf died later in infection than did calf 7 ( Table  1 ). The level of infection in the upper respiratory tract of calf 7, determined by the percent of fluorescing cells, had a direct positive correlation with the severity of the disease. The virus was demonstrated in calf 7 by electron microscopy after disrupting the nasal cells by sonication followed by negative staining. Most of the virus particles were devoid of their peplomers as has been reported previously. 1 Bovine coronaviruses are generally not associated with severe lower respiratory disease. 1, 3 The Minnesota isolate produced a severe, clearly defined lower respiratory disease (Kapil S, Pomeroy K, Goyal SM, et al.: 1990, Abstr 31st Ann Mtg North Central Conf Vet Lab Diagn) later in the infection (5-9 days postinfection) and was the cause of death in 1 calf. Blood was present in feces of these calves for l-2 days starting 4 days after infection. Focal emphysema has been described 5 in 2 of 16 calves experimentally infected with BCV. However, lung lesions were not considered as the cause of death.
Currently it is believed that respiratory and enteric coronaviruses belong to the same serotype despite their differences in sites of infection. 4 Additional information is needed to determine the importance of BCV in the respiratory syndrome of young calves. 
Cholangiohepatitis associated with adenovirus-like particles in a pygmy goat kid
Leslie W. Woods, Nancy G. Walters, Bill Johnson There are only 2 reported cases of adenovirus infection in goats, both in association with outbreaks of peste de petits ruminants in Senegal 12 and Nigeria. 9 Disease associated with adenovirus has never been reported in goats in the US. The purpose of this paper is to describe the first case of adenovirus infection of a goat in the US.
An 11-day-old pygmy goat kid was submitted to the Cal-From the California Veterinary Diagnostic Laboratory System, University of California, Davis, CA 956 17-1770.
Received for publication May 19, 1990.
ifomia Veterinary Diagnostic Laboratory System for necropsy. The doe kid came from a herd of 175 pygmy goats, 10 of which were neonates. The mother was 4 years old and had 1 other kid with no apparent problems. The owner had lost 1 other neonate. The doe kid was presented to the practicing veterinarian 1 week prior as a "poor doer." Physical examination revealed a swollen liver, pale mucous membranes, and hyperthermia (40 C). A CBC and liver panel were performed. The hemogram indicated leukopenia (2,400 cells/µl), anemia (PCV, 9.5%), and decreased platelets. Biochemical analysis revealed high glutamyl transferase activity (158 IU/liter; normal, 24-83 IU/liter) and hyperbilirubinemia (0.7 mg/dl; normal, 0-0.1 mg/dl). The doe kid died shortly after examination and was presented for necropsy. Necropsy examination showed massive numbers of lice on the carcass. All tissues were pale. The liver was enlarged, mottled, and had a patchy metallic sheen. No bacteria were isolated on blood agar from liver or lung. Coliforms were isolated from the gut in selenite. Agar (PPLO) and broth, inoculated with lung and joint tissue, were negative for growth of mycoplasma organisms. No viral cytopathic agents or Chlamydial organisms were isolated from a general organ pool of liver, lung, and kidney on big horn fetal tongue explant cells (BHFTE) or McCoy cells, respectively, after 1 passage.
Hematoxylin and eosin (HE)-stained sections of thymus, large intestine, small intestine, haired skin, spleen, brain, liver, kidney, lung, and bone marrow were examined histologically. The most prominent histopathologic lesions were noted in the liver. There were numerous foci of necrosis and mononuclear inflammatory cell infiltrates predominantly centered around portal bile ducts (Fig. 1) . The ducts were large and prominent, the majority of which were plugged with inflammatory cells made up mostly of neutrophils with a lesser number of large mononuclear cells. The biliary epithelium of affected ducts was dysplastic and often necrotic. Scattered attached and detaching bile duct epithelium had enlarged oval nuclei with marginated chromatin and large basophilic inclusion bodies (Fig. 1, inset) . All ducts were surrounded by fibrous connective tissue and inflammatory cell infiltrates made up primarily of macrophages with a lesser number of lymphocytes and neutrophils. In some areas, the portal reaction spilled over the hepatic plate. Occasional adjacent hepatocytes had intranuclear inclusions similar to those seen in the bile duct. Kupffer cells were quite prominent. A mild generalized interstitial pneumonia was present in sections of the lungs, with scattered lobules being more severely affected (Fig. 2) . Alveolar walls were thickened by fibrinous edema and a predominately mononuclear inflammatory cell infiltrate. Alveoli contained increased numbers of macrophages. In scattered lobules, there were small groups of neutrophils within bronchioles and extending into adjacent alveoli.
Electron microscopic examination of the intranuclear inclusions within the bile duct epithelium and hepatocytes revealed numerous hexagonal to round virus particles 79-83 nm in diameter. Many particles had a dense core 50-55 nm in diameter surrounded by a dense capsid structure. Most virus particles were located within the nucleus. A few particles located just outside the nuclear membrane had no viral envelope (Fig. 3) . The morphologic features of these virus particles are identical to those of adenovirus. 10 Six serotypes of ovine adenovirus (OAV-1-6) and 9 se- rotypes of bovine adenovirus (BAV-1-9) have been identified.' Different strains and serotypes appear to vary in their pathogenicity and their predilection for the intestinal tract, respiratory tract, or other organ systems. Experimental infection of lambs with OAV-6 caused a bronchointerstitial pneumonia with intranuclear inclusions in terminal airway epithelium. 1,3 Ovine adenovirus-1 caused similar lesions in the respiratory tract in lambs in addition to a mild catarrhal enteritis and mild pseudostratification of the epithelial cells of small biliary ducts. 6 Inoculation of lambs with 2 different strains of OAV-5 (SAV and PA/8) caused interstitial pneumonia and enteritis; PA/8 also affected the kidney, causing renal tubular nephrosis. 2 Experimental infection of specific pathogen-free lambs with OAV-4 produced pulmonary edema, bronchiolitis, and random hepatic necrosis and cholangitis with mononuclear inflammatory cell infiltrates surrounding and sometimes obliterating the bile ducts. 15, 16 Overt clinical signs were not evident. 15, 16 The hepatic lesions in the goat in this report were similar to those produced in lambs by OAV-4, 15 with a few exceptions. The inflammatory reaction surrounding bile ducts was nonsuppurative, as in the lambs. Additionally, there was necrosis and an associated purulent exudate within the bile ducts in the goat. In the goat, intranuclear inclusions were seen in bile duct epithelium as well as hepatocytes. These inclusions were seen in bile duct epithelium in the experimentally infected lambs, 15 and have also been reported in natural infection of sheep with adenovirus. 13 The interstitial pattern of the pulmonary lesion seen in the goat was similar to pulmonary lesions produced in lambs inoculated with OAV-5. 2 This is in contrast to infections with OAV-1, 6 -4, 16 -5 (strain RTS-42), 4,6 and -6, 3 which resulted in bronchiolitis and a bronchointerstitial pneumonia. Unfortunately, no viral cytopathic agents were isolated from an organ pool. Additional passages or more sensitive cell lines may be needed for isolation.
Serologic surveys of adenovirus antibodies in goats in Rajasthan, 7 Agra, 14 and Punjab 5 showed a prevalence of 6.45%, 0.6%, and 9.15%, respectively. There was no apparent relationship between the clinical state of the animals and prevalence of antibodies. 7 There are only 2 reported cases of disease associated with adenovirus in goats in Senegal 12 and Nigeria. 9 Disease associated with adenovirus has never been reported in goats in the US. Seroepidemiologic survey of bovine adenovirus-3 (BAV-3) and BAV-7 infection in Louisiana goats showed an infection rate of 0.02% and 8.9%, respectively, 8 but serological evidence of OAV infection in goats has not been reported in the US. Seroepidemiologic surveys in sheep in the US indicated that natural infections with OAV-5 and -6 are common. 11 Despite this, there is a low rate of diagnosis of disease associated with adenovirus in sheep. Diagnostic laboratories may not be looking for adenovirus, particularly because death, in most cases, is probably due to a secondary invader, and isolation of the virus appears to be difficult. Adenovirus-induced pneumonia may be masked by secondary invaders, and the unusual his- 
